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~ GOMPUTATIONS IN PRESENT-DAY ACTUAL PROBLEMS OF SHOOTING DOWN
i ATRCRAFT BY HEAVY A A ARTILLERY (FLAK) '

Six projects, established between November 1944 and January 1945,deal

with the probability of bringing down airereft by heavy anti=aircraft gune and,

especially, with a comparison between the shells with time fuues and shells ‘ : .

with percuseion fuzes. . ' ) ' oy
project

The first,evaluates expenditure of ammunition versus number of airoraft

shot down. It covers the firing of 700,000 rounds and represents the actual
Vs

A
b

probebility of shooting down of aircraft with HE-shells eqipped with time //
fuzes, the only type of ammunition used so far.
Y
The remainlng works consﬂ.der#%qualite.tivelyi quantitativly the probability

'Hmf |'},
of shooting down aircraft with time shells svith time fuzes) and percussion By
“hat 15, . . *'
shells S{ith peroussion fuzes). This data is not necessarily mathematically ;

exact. As distinguished from past detailed calculaticns, they are designed |

) i
to be understood by laymen. J,Wi:;;muﬁ »

The report does not deal with incendiary fragmentation shells, a topic

e emeeRELIRILL LR

treated in detail by Dr. Voas.

Table of Contentg:

I. Evaluation of statistical date on ammunition expenditure and number
of aireraft shot down by heavy anti-aircraft artillery. ;

II. Investigation of the advantages in artillery tactics by concentrating |
the fire of heavy anti-aircraft artillery on one target.

III, Probability of hits by heavy antieaireraft artillery in firing
on formations.

Iv. Summary of the reasons for the superiority of firing percussion
shells over time shells by heavy anti-aircraft artillery.
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VI. The effect of the errors i
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Does the firing of shells with peroussion fuses necessitate &

ohange of AA firing tactles?

upon the firing of shells with percugsion fuzes.
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Research Depertment of the Air Ministr

n range measurement and calibretion

y and C.1.0C. Alr Force

Prof. Dr. Bgsgﬁbek, Goettingen, 10 March 1945.
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I, Evaluation of statistical data on expenditure of ammnition

and number of alroraft shot down by heavy anti-aireraft artillery [

1, The stetistical material used here was collected from the combat
activities of the 3rd, 4th and 7th anti-airoraft artillery divisions (Hamburg, X
Duisburg, Cologna) for the periods £xow July 1943 to Oot7‘1944. April to N
Octeber 1944, Septemven 1943 to Octebewm 1944, |
:ié i 2. The meterial deals only with sctions in which all or most of the

targets were at altitudes below 7000 meters. *)
! 3, Ammunition expended in barrage firing was not included, except for

—a the 7th Division, where a subdivision could not be carried out.

4L+ The entire material tabulated here covers approximately 495,000 rounds

‘ : of 8.8 cm, 158,000 rounds of 10.5 cm, and 49,000 rounds of 12.8 om HE-shells,
| sy S i.e. a total of 702,000 rounds, which accounted for 239 aircraft.

5. The detalled tabulation of rounds per sircraft shot down is us follows:

copen

tota‘ T'a/e shot down] Ho. of rounds

"*‘T’ ; nit - | “Nimbor-of rounde. :' .
SIS }3 §em 110, 5 om 12.87c | per s/c shot down’
el ] N {
1 3rd AAA
X Div,(Group -
: Hemburg N. ! | ,
] only) x; 1.1,500 7,300 3,600 52,400 26 z 2,020 :
oo i bttt dae e & ,t R e P~
Div, 224,,00073,000 80,000 | 327,000 132 5 2,480
(inel, barr- ; ]
ages) - izao,ooo 78,000 15,000 | 323,000 81 , 4,000
| S
Total ~ #95,000{158,000 49,000 | 702,000 | B39 RG]

*) Thia limitation wa.s introduoed, because the material was to provide data
of comparison between the 8.8 em incendiary fragmentation shell and all other
types of ammunition. The 8.8 omlineendiary frogmentation shell ls effective
only to elevations of 7,000 meters. Most of the actions took place at those
altitudes used for thls etudy.

CONFIDENTIAL
CONFIRENTIAR

- Sanitized Copy Approved for Release 2012/05/23 : CIA-RDP82-00039R00010004004



: . - 0047-6
Declassified in Part - Sanitized Copy Approved for Release 2012/05/23 : CIA-RDP82-00039R00010004 d

[SPAE

i R

S oMY
CONFIDENTIAL

6. When the tabulation is limited to artillery aotivity during large-

soale daylight raids, the result 18 as followst

Unit Number of rounds a/o shot down Number of rounds s
3 om 10,5 0m 12.8 om" Botal per a/o ahot down : i
3rd AAA
Div, (Group
‘ Hamburg N,
i only) 10,200| 2,600 | none 12, 800 J 12 | 1,070
! o | i P N, ettt et ot .
o e 4%h AAA [ 1
o O Div, 51,500 26,000 8,000 85,500 57 1,500 .
REEE N TPV i & , B Rt
o | (inel. J |
barrages) 55,000/25,000 6,000| 86,000 21 45100
9 Rotal  “I7;O00T5%;U001Z; 0001185606 90 57656
| . ' .,
“ﬁﬂ: ;i- 7+ When the tabulation is limited to purely optical firing, the result |
D c
é is as follows:
P Unit Number of rounds a/c shot down  Number of rounds Y
Pt 8.8 om, 10,5 cm 12,8 cm, total per a/c shot down RS
A ER 3rd AAA Div. : |
. i‘ | (Group Ham- L . . - - -
. ‘ ~ burg Nerih ' o
o . only) 8 5oo 2,200 - 300" [11,000 9 1,220
T 4th AAA |
Div. lO, 800 | 3,600 1,100 15,500 18 860 : : ,2
S e — . :. R R [P T ’ i
Div, 7,100 | 4,600 £ 1,700 113,400 9 1,490
| - a oxtan 2. i, T A bbby .
: Total 26,400 [10,400 | 3,100 36 1,100 :
M
8., Only the total pounds expended wens tabulated so far,

regardless of

M 7 » VR
how many of them wowe of 848 em, 10,5 om, or 12.8 om caliber. An attempt may o B

be madg, Lowever, to reduce the 10.5 and 12,8 om shells to 8.8's by agsuming the
ratio of their effectiveness as 1:3:5,

The affeets of the shells,

when taken only on the basis of thelr bursting
effect, are approximately in a ratio of 1 R:3;

but since the heavier guns are

slightly more accurate, the ratio 1:3:5 seems more eppropriate.

 CONFIDENTIAL
CONFIDENTIAL




Declassified in Pal ed Copy Approved for Release 2012/05/23 : CIA-RDP82-00039R000100040047-6

CONPIDRR A
CONFIDENTIAL

In respect to quantity, the three calibers appear in totel expenditure of

rounds in a ratio of 101331,

Thus, in respect to effect, their ratio must be 101 3x3: 5x1 = 10

91 5, or nearly 2 1 2 ¢ 1, ‘;i“;
Thue, 40% of the airoraflt shot down were acoounted for by 8.8 om guns, -
40% by 10,5 om guns, and 20% by 12.8 om guns,

9. With these "reduced numbers of rounds fired", we obtain the following

"reduced nunber of rounds per a/e shot down", i.s. the number of rounds required

to bring down one aireoruft expressed in terms of 8.8 om shells:

Unit Over=-all Large-scale daylight  Optical firing only

, reids only
1 Ird MM Div. 3,130 150 i 1,850
! 4th AAA Div, 44490 2,980 1,500 1’
o (incl.barrages) 6,650 3,260
B - R o : ? RN R
|

; (Examples The 52,400 rounds fired by the 3rd AAA Divisio;T’;hen reduced to

1
i
s
L_ »»§ ’ o 848 em (41,500 == 3X 7,300~=5 x 3,600) give 81,400 rounds, i.e¢. they correspond
\ ’ .
b b . in their effect to 81,400 rounds of 8.8 cm shells, The reduced numher_of

o

-

§~v rounds per a/c shot down is thus 81,400 3 26 = 3,130).
L "

10, ﬂgxto%al average of all the above material, we can thus compute per
8/0 shot down:

i approximately 5,000 rounds of 8.8 cm caliber

or (1/3) approx. 1,700 rounds of 10,5 em caliber

or (1/5) approx, 1,000 rouncs of 12.8 om caliber;

and for optical firing:

approx. 2,000 rounds of 8.8 om caliber
or (1/3) approx. 700 rounda of 10.5 em caliber
or (1/5) approx. 400 rounds of 12.8 em caliber,
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0l 23 3 which i definitely too unfevorable for

If we use the retl
neck for the asumed 11315 ratio

iber guns, in order to obtain a ©

for the effectiveness of the 8.8 om, 10.5 om, and 12.8 om shells, the figures

gbove for the rounds per a/o shot down will ve ohangﬁﬁtea
4,000 rounds of 8.8 om oaliber
of 10,5 om caliber

the heavier csl

Total average: ApPproxX.
or (1/2) spprox. 2,000 rounds

or (1/3) approx. 1,300 rounds of 12.8 om caliber.

For optiocal firing:
1,600 rounds of 8.8 om callber

5 om caliber

approX.
or (1/2) approx. 800 rounds of 10.

or (1/3) approx. 500 rounds of 12.8 om caliber.

g8 does not alter the figures

Thus, & change in the ratio of effectivene

very much.

II. Investigation of the advantages in artillery tectice by concentrating

the fire of heavy anti=aireraft artillery on one torget.

1. .General.

The question to be inveatigated her
g the enemy be increased by having

e is the folléginés To what extent
can the probability of dectroyin a numbder

s concentrate their fire on just one

¢ rounds ageinst

of heavy anti-aireraft gun enemy, instead

of having the same nunber of guns fire the same number ©

possibly at different times)?

several targets (
r or not the probability of shooting

In other words, the question is whethe
g depends on the gbsolute nunber of

down an aireraft per number of round
probebility

rounda fired at one single target, end if so, %o what extent the

depends upon.it.

b -
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It is of some importance in answering thie question, whether the concent-

rated fire is carried out by the coordination of several batteries into ene
large battory, or by the equipping of one battery with an above-normal number

of guna, In the first case, groups of normal numbers of bursting points will 3

be statlstically distributed along the flight path of the target, while in the N ‘

second case there will be groups of greater numbers of bursting polnts, so that

the probability of the simultaneous effect of several bursts on the targe% s

is increased.

It is even more important for the formulation of the anawer t; the above ' .
question to determine just how aireraft are shot down, by direct hits, by
§ blast effect, or by frugmentation, or, what share these three effects have in
the destructions of air=craft acoomplished., We know very little about this,

The considerations are therefore to be carried out for two extreme caseas

5' Case A: Alrcraft shot down exclusively by direct hitss

T

This case would occur when firing shelle with percussion fuzes. However,

even when firing shells with time fuzes, direct hits may account for a consider=

eble share of the airoraft‘deetroyed. f
“““  “ R . . Casa B: Airoruft ara shot down entirely by fragmentetion.effect,. nogsihly
also by blast at shorter distances: S ngkm
For thls case, the lethal radius can be given for any type of shell.
Alrcraft within this radius of the bursting point will generally be brought
_— : ) down, For the 8,8 om IE shell this lethal radius is 7 meters. However, when

the shell is fired at four=engine bombers, the radius is probably less, because

of the low vulnerabllity of these alrcraft,

2+ Effect of concentrated fire

As long as the effect of only cne single shell on the target is eonsidered,

concentration of fire can have no effact on the probability of the shell’

“ CONFIDENTIAL
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hitting the target. Each shell has a definlte probability of hitting, and
this probability ig quite independent of that of the other shells. For the
total probability of hitting of a greator nurber of shells it is of no import=
ance whether they are fired simultancously on one turget,‘at ghort time intervals
on one target, over a longer period on one target, or on any number of targets.

A difference betweon these oases will show up only if two or more shells
all share in the destruction of an airoraft. The frequency of the case of two
or more shells all gontributing to the brinking down of an aircraft is not in
& simple proportion 4o the number of rounds fired on one target, but lnorecses
with the square or & higher power of that figure.

Strict distinctions musl be made betweon the affect in cases A and B.

3, Effect of concentrated fire on case As

In the case of a direct hit, at least when firing shells with peroussion
fuzes, one shell will definitely destroy the target. Thus the combined effect
of seversl shells (simultaneous airect hite or direct hits at short intervals
by several shells) will mean no improvement . Just the contwary is the case,

gince one direct hit has already destroyed the target, the other ghells are

> wagted, wnile, had they besn fired ot ancther target, they might have brought

down another aircraft - aasuming another direct hit on that target,

In case A, therefore, the concentration of fire reduces the probability
por shell of shooting down an aircraft. |

In order to estimete by how mach the probability is reduced, the probebility
of & direct hit on a siﬁgle alreruft must be estimated. For a four=-engine
bomber, flying alone, and under normal aiming conditions, it should be around
1/1000. Thus, the probability of obtaining at least one direct hit with N
rounds 1s:

W21 - e -M1000a §/1000 - ¥ (N/2000)2 e

The term with (N/lODO)2 repeesents the reductlon of the probability per

shell of shooting down an aireraft due to two divect hits, whose frequency is a

CONFIDENTIAL
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funotion of (N/2000)%, Triple ang miltd

ple direot hits need not be oonsidered,
8inoce their Probability i extremely

Blight, f

For the frequency of double
i8 the number of rounds

direot hits the only figure

N fired within & short peried,
at one alroraft, since if the rounds are fired within a

of importance l o

lot us say 10 8egonds, Lo

longer period, the firss ’

direot hit has already caused the aireraft to orush so t
receive a nacong hit,

hat 1% can no longer ‘ Y

LZven in the case of g;ry heavy eoncentration of anti=- o o
alreraft guns and in the cage of using one fire control set for many guns, N

Thast W2 1/10 - 3/200 .. /10 (1 = 0,05) '

The reduction of the probability of brin

ging down an aireraft by congent- J
rated fire because

of double direct hits is thus maxlmally 5%,
it is Probably much lower and therefore of no

be

but in reality

practiocal importance,
Effect of concentrated fire on ocase B

:
In case

B, that of fragmentation efs,

ect,
;‘, 5 complicated, Here, too,
! ;

the situation is somewhat, more

the effect of concentrated fire can ogour

only, of '
AR R T course,

viz, 1t !

cause it to erash, while it would have rem

ained in flight had it b
the fragmentg of ‘only one shell,

‘ Let Ry be the normal "lgthgl radius! of gn anti-gireraft shell, i,e,
the radius of 4 sphere around the center of the aireraft
‘ averaging the different directions of the

alreraft, There

down SM™EIFirart,

s Within which (aftep

fragments)

If the two bursts are simultaneous
greater than in the case of the two shells exploding
%ill be larger than R in any case,

s Ry will be slightly

in Buccession, but Ry

Triple and multiple hits are 80 rare that

-9.
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they need not be conaidered,

Por estimating the order of megnitude of Ry it geems appropriate to
require that there be as many fragments from two shells at the extreme limit
of R, as there are at the extreme 1imit of Ry from one ghell, Since the

density of frngments por unit of space decreases with the square of the distance

from the bursting point, the formala will bes
R, TRy Y2

In the case of the 8.8 om HE shell, R will be 10 meters when Ry 18 7 moters.
The probability of obtaining at least cne burst within ﬁhe-uphere of

radius Ry and volume Vy, when firing B rounda, is:

wlr-l-e"cwl = oW =% (cw1 ,

C being & proportionality faator whose magnitude g of no importance for the
problem disoussed belows

The probability of obtaining at least two bursts within the additional
volume V£7’iocated between the spheres with redii Ry and Rp4 is in:?irst

approximations

wz'l" i‘ (sz)z

The total increased probebility of shooting down an aircraft by the

combined effect of two shells is thus:
N Wy WSSO o+ b 02 W (V2 =7,?) =
W=+ (v.f/vlz-— 1) WeNR =
w14k (vzz/vlz-— 1) wN_7

-
where W = OVl is the probability of bringing down an gireraft per shill without

conaidering the effect of two burstss
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With R, © ni\ﬁ' we cbtains
Vo2V (2Y2-12) 51837,

If we set W = 1/5000, a figure which should be olose to the actual condltions

for the probability of bringing down an aireraft per 8.8 om HE shell (of,
Chapter I), we obtaln the tollowing inorease la Liwe probability of bringing g

down an aireoraft due to concentration of fire for various numbers of rounds

N fireds .
T N w/WN Increass
‘ small - 11400 0%
*‘-f:‘, i 100 1.02 2%
: 5 200 1.05 5%
500 1.12 12%

iy Examples Two large batteries of 3x6 = 18 guns each fire 14 salvos each

¥
Joe

b “,}{ o on the same target. Then N is 2x18 x 14 = 504« The probability increase is
[

1 12% over the case in which the rounds are fired at 'a large numoer of Largebss

If each of the six batteries participating in the action were firing at a
different target, 6 x 14 = 84 rounds would be fired at each target, which still
' means a probebility increase of sbout 29 over the case of each gun firing on h .

! a different target.

The concentration of the fire of six batteries on one sirgle target thus,

with the large number of 14 salvos fired by each battery, means an increase of
‘the probebility of shooting down the aireraft of 12 = 2 = 10% over the case of

the six batteries firing at six different targets.

III. Probability of hits by heavy anti-aireraft artillery in firing on

formations.

1. Ip firing on close-flying formations, the probability of shooting

CONFIDENTIAL
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down an airoraft is imoreased oonsiderably over the probability in firing
on single alrcraft, since not only the target alreraft itself but aleo those
flying next to it may euffer a hit, due to the scattering of the bursting
points of shells with time fuzes and the scattering of the trajectories in
firing shells with percussion fuzes,

2. The inorease factor f which appears as the increase in tho probability
of shooting down an airoraft in firing on formatione over the onse of firing
on & single alreraft under the same cenditions, ie the greater:

a) the more aireraft in the formation

b) the closer the formation

¢) the greater the scattering of the bursting points, or trajectories.

Point ¢) should not give the impression that the maximum scatter is
favorable in firing on formations. The probability of shooting down an air=
craft decreases as the scatter incresses, even when firing on formations,
although it does not decrease as fast as in the case of firing on single air=-
craft, 8o that the factor £, the ratlo between the two probabilities which

are decreasing at different rates, will increase.

= 3¢ In Grder Lo get an ldew of tis inorewse of the prouuvilily "o 'shoviing

down an eircraft when firing on formations, i.e. to get an idea of the mag=
nitude of factor f, this factor will be computed for various conditions.

4o By "formetion" we understand the normal American bomber formation,
as described by the Intelligence Service, it consists of one bomber group
mede up ofithpee squadrons of 12 airecraft each. Kach squadron extends sbout
120 m in the direction of flight, 160 m in width, end & maximum vertical depth
of 80 m« The aircraft flying next to each other are 20 m apart in forward
direction and laterel.girection, and staggered by 10 m in altitude, thus at
an oblique distance of 50 m from each other., The high-altitude squadron and
the low-altitude squadron fly in the same formation as the lead sguadron,

their lead eircraft flying about 240 m behind the lead sircraft of the

CONFIDENTIAL
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lead squadron and 360 m to the right or to the left, and approximately 200 m
higher or lower.

This entire bomber group conaiatfhs of 36 airoraft; when projscted upon «
the horizontal plane, it forms a triangle 360 m long in the direction of flight
and 880 m@aze;gjwidef

The center of gravity Sl of the lead squadron lies on the rectilinear
f1ight path o the lead sircraeft, 80 m behind it. Ne elreraft of the formation
occupies this posit}on. The neacrest airoraft in the formation is 28 m dietant
from this spot.

The center of gravity S2 of the entire group is 240 m behind the lead
aircraft., This point, too, is unoccuplied, the nearest airoraft being 127 m
distent, (Cf, Fig, 1)

5, The probability increase f for this type of formation is computed
for three cases:

I, a) Firing from directly ahead

b) Firing from the side

a) PFiring frombelowe _. . . L . . e e e
(The shielding of individual airoraft by others in the formation has not been
considered, since this can be counteracted by slight changes of the angle)
Furthermore for the three cases:

II. a) Using lead aircraft Sp as future positlon of target.

b) Using squadron center of gravity Sl as future position of target.
¢) Using group center of gravity 82 as future position of target.
Fﬁrthermore, for:

III a) Firing with time fuzes.

b) Firing with percussion fuzes.
Furthermore, for:

IV. a) Opticael ranging
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A
Aspumptions ScattaringArotational-symmotrioal abouthdireution of fire; long=

itudinal aontterhzi times the lateral scetterj andA§0$ (180 m) deviation
batween the center of gravity of the formation and the future position ab the
moment of burst (50% longitudinal soatter &= 130 m, 50% lateral goatter sk 52 m).
b) Electrical ranging:
Assumptiont Spherical scatier with 50% devietion (300 m) between bursting
point and future position at moment of burst (si0)s
In firing with percussion fuzas the lateral socatier given in IVe end IVb
1g used for computations, although these figures do not quite correspond to
the actual ones.
6, The incresse factor for all combinations of ceases enunerated in 5

1g shown in the following Table 1t

Time fuze Perocussion fuze
froms front front side

optical
lead a/c 9.1 7.0 optical 9.8

optical
-8y 9.5 9.8

optical
Sy 1.8 9.8

elec.
lead a/c 11.3 electric 14«

elec.
12.7
10.5

Table 1 shows the followings
a) The increase factor £ for formetions, ae ocompared for single aireraft,
is quite considersble, if tha form tion flies close. It is approximately 10

and may go as high-as 20,
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b) Due to the greater soatter, the inorease faotor is higher with eleotrical
than with optical ranging.

¢) Aiming on the center of the lead squadron (Sl), although this spot
is not ocooupied by an alroraft, generally brings somewhat better results than
aiming on the lead airoraft, while the aiming on the center of the entire bomber
group (Sz) is usually muoh more unfavorable.

d) The direction of fire usually does not have a greet or homogeﬁbua
ellect on the magnitude of £. Ir opticul ranging, the increase factors are
greatest in firing from a froglal direction, and lowest in firing from below,

In firing on 82 conéiderable inorease factors ocour only when the fire comes
from a frontal direction,

In eleotricul ranging, in firing with time fuzes, f is conmpletely independ-
ent of the direotion of the fire, since the soatter has been aeaumg9/{; be
spherical, while the highest values in firing with percussion fuzes are obtained
in firing from a lateral directionm,

e) The increase factors are nearly the same for firing with percussion
fuzes as they are for firing with time fuzes. The f-velues for percussion
fuzes fired fram a frontal and espocially from & lateral Glrectiun ake ‘higher -
than for time fuzes, when electrical ranging is used,

f) The fact that the f-valuee are partlally higher than 12 shows immediately
that alrcreft flying in the two rear squadrons may contribute to the high
values of these figures (which may also apply to figures below 12).

Due to the slight scattering, the values for optical ranging can be
attributed almost entirely to the aircraft of the lead squadron. The other
squadrons contribute mosf in the firing of shells with peroussion fuzes from
In this ouse,

I

and 0.4 each for the two cther squadrons. /

a lateral direction, aiming at the center of the formation 82.

the total value of 2.5 is composed of a factor of 1.7 for the lead squadr
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In electrical ranging, the eltuation is different, with the contributions

total value being mich higher. E« &) in

of the two rear squadrons 0 the
m a lateral direction, the values

the firing of ghells with peroussion fuzesa fro

are made up aB followss
Low=alt, sqdrn. 7T@tal value

' Lead sqdrn. High-alt. sqdrn.
Lead a/0 10.9 2.0 2.0 1449
Center of T
lead sqdrn. 11.6 3.5 3.5 18.6
Center of
group 8.3 6.6 6.6 2Le5 R

following: During firing on the 1esd aireraft of the :

This means the
and high-altitude squadrons i

the 24 eiroraft of the low=altitude

‘ lead squedron,
s likely to be hit as four

‘S, which are approximately 500 m distant are gtill a

point of the future position.
the increase factorsf are greatly b

airoraft flying exactly at the

7, If the formetion is more spread out,

This is shown in Table 2 for the firing of shells with time fuzes

ere are given under the condition
with y

reduced.

P =

el renging. The f-values h

vith electric
\ o .o 11 gistancee. within the formetion have been increaaed n times,

thet eli

oy naintenance of the general shape of the formation. For n S 1, the values

\ previously glven will hold.
Teble 2

Center of lead sqdrn. Center of group _ 5

/ E n Leed a/c
1 11.3 12.7 10.5 i
2 77 8.5 2.6 '
£ 55 e o T2 e e 0.6
4 443 5.1 O 1
6 3.0 245 0.0

(0}\5!:![_)‘51!3'[%!.
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In eleotwioal ranging, the sibuatlon ls aiffavent, with the aonbribubions
of tha two rear aquedrona 1o bha botal value being mioh highers By Bry W0
the firing of shells with perouasion fumen from A lateral aireption, Lhe vinluns

are made up ns followss

Load aqdrn. High=albe Rraden. Low=alb, sqdri. Total value

Load a/o 10.9 4.0 2.0 1449

Gonler af T
lond sqdrne 116 1.5 3 18,0

Center of
group 8.3 6.6 6,6 214
Thie menne bhe fullowingt Iuring rivtng on Lhe lend alreraft of the
lond squadron, bhe 24 alyorafl of tha low=allltide and high=alblbude aeuadIrone
whioh are approxlmnboly 500 m Alatanb Bre gb)ll as Likely o he WLl ap Court
alroralt Clying exnotly ab bhe poinb of Lhe fubure poslblons
M, If the formebion \e nore spread cul, Lbe inorenee I'aohorgl are greably
reduoed, 1hle e shown {p Table # Cfor Lhe flring of shelds with tlme funes
with alecbrionl ranging. The pavalued heve are given under the cundibion
At all dlstancan within the rormnbinn linve been Lnaressed b bimes, wibh
mndntenange of the goneral. shape ol bhe f;rnmhion; For n £ 1, the values
proviously glven will hold .

Tnble 2

Lead n/o genber of lead sudrn. Uanler of group
11,3 127 1044
7.7 949 dab
3 =5 142 0.6
bed Dal
3.0 0.0
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At eny rete, with eleotrical ranging (the deoreage 1s much greater with
optical ranging), a formation flying with its airoraft. six times as far apart
g8 the normal formation (minimum dietance between tvo aireraft now 170 m)
gtill offers a probebility of bringing down an airoraft three times that of
shooting down a single alreraft,

8, Up to now we have been dealing exclusively with the increase fectore
£ of the probability of uhooting down an aircreft, We shall now, asiponcluaiax
of this chapter, cite tha probebilities m;;;weetwith rggegvation‘_&m
J;rfiring at the center of the lead squadron.

These [igures are given with reservations, because other assumplions
have 10 be introduced?’ﬁnd because, as has already been pointed out in gsection
5, IV of this chapter, the scattering conditions for time fuzes and per=-
cuseion fuzes, on which this compilation is based, are not exectly allike, 8o
thet the shells with percussion fuzes in this teble are represented in too
fevorable a light over shells with time fuzes.

The other assumptions which have to‘;&ade are the following:

For time fuzes: Leid .= fo burets sbout the aircraft (§:8.om HE
shell):

3,000 cu.m.
For percussion fuzes: Target area of the aireraft (B-17):
from the front: 30 sq. m
from the side ¢ 60 sq. m
from below s+ 200 ag, m

The reciprocal values of the probability of ghooting down an aireraft,

i.e. the number of 8.8 em shells required to bring down.an alaouel e o

shown in Table 3.

CONFIDENTIAI.
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Table 3

Number of rounds required per airoraft shot down

Single airoraft Adlrcraft in formation
elec, ranging 38,500 3,000
Time fuze i~ 't fromt 6,200 650
Op'bo
side 6,200 650
below 6,200 720
oo Jronting 8,000 550
Blec.
Percuss- ranging side 4,000 215
ion fuze
below 1,200 88
front 1,200
opt.
renging side 620 64

below 190 22

The figures from the statistios of piroraft actually ghot down by 8.8 om
HE shells with time fuzes are about 5,000 rounds per siroraft destroyed in the

overall average and 2,000 rounds per gircraft destroyed for opticel ranging.

These figures fit into the ebove table quite Well, siuce they -should.lde batween
the figures for single airoraft and those for close-formationss
&
IV, Summary of the reasons for the superio:!ity of shells with percussion

fuzes over shells with time fuzes firéd by heavy anti=aireraft

arhillery%: (in perticuler 8.8 om guns).

The superiority of firing shells with percussion fuzes over firing shells
with time fuzes in the probability of destroying eircrafd has been computed
for various assumptions and by different methods. All these methods show
tho peme result: The probability of shooting down heavy borbers with 8.8 om
shells with percussion fuzes is a multiple of the probeblility gttained with

time fuzese.
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This result seems quite surprising at firet glance. We shall now glve

& short proof in a manner oomprehensibla also to non-mathematioiang,

W Most paeople are emotionally averse to the idea of firing ehells with
peroussion fuzes at airoraft, for the elmple reason that they all feel that
the change of obtaining & direet hit oﬁ a target as amall end as last=moving
a8 a high=flying airoraft is exceedingly slight,
Very few people, however, are aware of ‘the faot thet the ohances of
making a shell with a time fuze burst in the immediate vieinity of the target
(an 8.8 om shell has to buret within a distance of 5 to 6 meters from a four-
engine bomber to bring it down) are still slighter. In this case not only
is it necessary to hit a certain area whose size is increased only slightly
by the margin of 5 to 6 m width, but also thi;;lggpt be coincidence of the
bursting point and the target in the third dimenaionqxihe direction of fire;
this 1s the most unlikely effect to be achieved, because of the fact that it
is here where the greatest scattering oocurs, namely the longitudinel scatterirg,
due mostly to errors in ranging, calibration, fuze scattering, and other errors
in opersting the fire conmtrol unit,
For a numerical example, let us take a ghot with gragt. lar helght of
the targat i.e. firing from below, for the sake of simplioity., If we now
imagine that with thig location of gun and aireraft (gun at zero point 0, aireraft
at target point or future position %), many thousand rounds, independently

aimed, are fired, the bursting points will form g scatter area around the air-

eraft, due to the ranging error and other errors which will be differsnt in

évery case, which in optical firing will have the ellipsoidal shape shown in

Figure 2 (AB), and which will be nearly apherioal in case of electrlcal riring,
@ 2 -

due to the much greater scattering in g direction lateral to the trajectory,

The scatter area is not cloig}wm&éfined, but the density of the bursting points,

greatest in the immeﬂfﬁ%:”vicinity of the target, gradually decreases with

greater distance from the target. For our considerations, however, we can

CONFID DENTIAL
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g assume it to be an area with definite limits and & constant denalty of
; bursting pointe in its interior, so thet the total number of bursting points
| will be constant. The distance ZA or AB from the target to the definlte
border of the mcabter area in the direction of fire must be of the order of
magnitude of the mean longitudinal acattor7/;r, acoording to more exect

i caloulations, 1.8 times the so-called 50% longitudinal soatter. The empirical u’//

value for optical firing, the 50% longitudinal scatter which gontains all
sources of error, is 100 to 150 m; for electrical firing the figure is sometimes

higher. The distance ZA, or 7B, in Figure 2 thus ls 4o be taken as 200 m

for optical firing, and greater than that for electrical firing.
The aireraft is shot down, when time fuzes are employed, by the small
fraction of bursts of the many thousands within the space AB, which is less

than 6 m away from the aircraft, in the small vertically-shaded space in

{“i e Figure 2 around the eircraft. The volume of this space is a measure of the

pumber of hursts contained-in i%g, and is thus z mecsure of the. tote) prob- . AN

ability of shootling down an airoraft with shells with time fuzes.

The ares of a heavy bomber projected in the horizontal plane is about
200 sq. m. Since the vertically shaded area protrudes by 6 m, its area
becomes greater, increasing, as hes been determined, to about 8CO sq. m.
Tts "thickness" iz 2 x 6 5 12 mj thus its velume 1s epproximstely 10,000 ou. m.
At that, this figure is certainly too high, since shells bursting 6 m from
the wing tips will undoubtedly fall to destroy the aircraft.

1f the shells are equpped with percussion fuzes instead of time fuzes,
all trajectories passing through the point at which the aireraft is located,
i.0. 8ll trajoctories within the eylindrical horizontally-shaded area in
Figure 2, will bring down the aiveraft. It is quite evident thet this

horizontally shaded area contaims many more bursting points than the vertically

shaded one, in the same ratio as it is larger.

CONFIDENTIAL
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Its oross-section 1s that of the airoraft, 200

extent AB 1s 400 m in optical firing and Btill great
1t volume is thus 80,000 ou.m,

sheded erea,

8qe my 1ts longltudinal

er in electrical firing;

That 18 8 times the volume of the vertioally

In other worda,

when employing percussion fuzes, approximately 8 times ‘ ‘

a8 many shells will hit the airoraft as there are bureting points of shells
with time fuzes in the vartioally

*haded uree; or worded still differently,
firing with percussion fuzes increases the prob

alreraft 8 times.

ability of shooting down an L
When firing with eleotrioal ranging,
8t111 higher than 8, since in that case
ﬁ the

the factor will be

the longitudingl scatter and thus

distance AB is mich greater,

( V. Does firing of shells with percussion fuzes hecessitate a change

in heavy anti-airorsft artillery taotiog?

ls Differences of tactical importance between firing of shells with

time fuzes ang firing of shells with percussion fuzes:

In order to be gble to answer the question whet

her £iring wlth percussion
o fuzae wouls

m&ke‘uhangéb'in thé'operafion of heavy anti-aireraft artillery

|
i.;; :

desirable or hecessary, those dirff

[ e o gen a—

ersnces between firing with peroussion
fuzes and firing with time fuzes) which have & tact

ical effect/ must be
enumerated,

a) Firing with percussion fuzes will result in 6 +o

aireraft destroyed as firing with time fuzes, with the same number of rounds

fired. Even g single battery firing shells with percussion fuzes is more
effeotive than a large j

10 timss us many

. consolidate battery firing shells with time

9
fuzes, as far ag the probability of shooting down alreraft is eoncerned,
b)

The psychologioal effect of the smoke puffs from burst
near the aireraft ig absent,

ing shells

when percussion fuzes are used,
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¢) Firing with perousasion fuzes cannot be detected from the airoraft,
exoept by observing the muzsle flashes on the ground or by seeing another
airoraft orash. This inoreases the importance of the moment of surprise,

d) In firing shells with peroussion fuzes, oconcentrating the fire of
Beveral batteries on one target will not ocsuse any additional effect in excess
of the sum of the individual effects, while this may be the case to a slight
extert when firing shells with time fuzes. (of. I1I.)

2. Advantoges and disadvantagas of battary concentrotions (single va,
consclidated battery),

The basio question of heavy mti-aireraft artillery tactics is whether
the individual batteries should be spread out or whether they should be
concentrated in the form of consolidated batteries (sovoral batteries, each
with its own fire control unit, concentrated in & small space, and all of
them connected to one radar set)., This question will now be disoussed by
enumerating the advantages and disadvantages of such concentration measures,
with special consideration of the problem of firing shells with percussion
fuzes,

The so=called "m;;moth”battery" (24 or nmore guns connacted to onc firs
oontfol set) shows such grave disadvantages in nearly every respect = in
contrast to the normal consolidated buttery = that we can omit it from our
conslderations,

A. Advantages of concentrations.

a) When the enemy comes within range of the anti-sircraft concentration,
he can be attacked very effectively., This advantage holds for firing shells
with both types of fuzes.

b) Sometimes concentration of fire on one single target will cause an
inerease in effect in excess of the sum of the individual effécts (by combined
frugmentation damsge from several shells). This increased effect is slight
in the case of firing with time fuzes, and totally absent in the case of

firing with peroussion fuzes.
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o) The paycholegiocal effect of bunchee of bursts is greate:;than the
effeot of the same numbor of burats spread over a longer period of time,

This advantage also applies only to time fuzes.
d) Saving of personnel. Applies equally for both typea of fuzes,
e) Saving of equipment. Applies equally for both tppes of fuzes,

£) Better chances of training of peraonnel, because of the close proximity

of all kinda of equipment, Applies equally for both typea of fuzes,

g) Bebter chances of keeping foreign auxiliary personnel under surveillance,

Applied equally to both types of fuzes,

B. Disadvantages of concentration,

a) Because of the greater concentration of personnel and equipment,

the vulnerability to air attack of consolidated batteries is much greater
than if the same number of batteries were distributed over a greater area.

This disadvantage is not connected with the type of ammunition used,
night become impor

but it
tant in the case of percussion fuze emmunition, since the

enemy might be compelled to inerease his attacks on anti-aireraft artillery

emplazsments whose sffwetiveuuss has 1noreased. - h

b) If concentrations are formed, the gaps betwesn the concentrations

will be that much bigger., As Intelligence reports show (ef. No, 28, 1944),

the enemy is already trying to take advantage of this fact by using the gaps

to penetrate without being attacked. This disadvantage holds for both types

of fuzes. The greater effectiveness of firing shells with percussion fuzes

might ceause the enemy to increase his efforts to avoid flying over anti=-

aireraft artillery concentration points,
O) In the cmse of anti-airoraft artillery concentrations, it is easier

for the enemy to determine where the fire is coming from., Since firing shells

with percussion fuzes ig difficult to detect, this disadvantage will be

largely compensated for in that case,
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3, Conclusions on taotios for firing ghelle with percussien fuzes

The enumeration in the preceding gection shows that the advantages of

on of batteries, in the case of firing shells with peroussion fuzes,

r than when employing time fuzes,
readlng out

congentratd
are less and the disedvantages greate
useion fuzes involves the 8p
g and disadvantages

that the problem of firing with pere

of concentrated batteries. Otherwise, number of the adventage

desoribed depend to a great extent on the tactics employed by the enemy, 80
that the question of consolidation vds dispersol of patteries cannot be

ng the tectice of the enemy.

answered without gonsideri
present time, the factors in

With the enemy taotics prevailing at the

o not seem to be important e

favor of dispersal &
artillery tactics, especially when the circumstance 1s

actiocs means inereased use of

nough to warrant a change in

our anti-airoraft

considered that every fundamental change of ¥

erial for peconstruction of g
at there will be a time in the future

labor and mab un emplacements.

it is quite conceivable th

when the enemy w11l concentrate his alr sctivity on anti-aireraft
£ the emplacements. Thus: Vulnerability

son for which such

-
. . "

However,
gun positions

and will thereby force dispersal ©

tpek 18 jusy aboub £he only important ree

' = -
aguiust alr o

tactical changes might be carried outs

r tactics of concentration of anti-aircraft artillery,

While mainteining ou
e to close the gaps between the
e of the gap, to prevent

‘ ~
it does seem practicabl ge concentragtion points
ch will afford single coverag

by single batteries whi
ough those gaps, and also to

penetration by the enemy thr

completely unopposed
nd sometimes undetected fire,

utilize effectively the moment of unexpected a

nt when percussion fuzes are employed.

which is importe
he improvement of the effectiveness

Otherwise, the tactical points for t

not nearly as decisive as the improvement

of heavy anti-sireraft artillery are
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of the gune and of the ammunition and the untiring and thorough efforts

training the personnel.

V. The effect of <whe errorse in range neasurement and calibration upon

the firing of shells with percussion fuzes.

In the treatment of the problem of firing percuseicn fuze nmmuﬁition
from heavy anti=aireraft guns, the idee has cropped up ooccaslonally Lhat bhe
range measurement need not be as exaot as when firing ammunition with time
fuzes, and that errors in the calibration of therguns will not have much
of an effect.

This attitude must be branded as quite wrong., The advantages of firing
percussion fuze ammnition can be utilized only when the same care as before
18 taken in the determinution of the range and the proper calibration.

We shall prove this point by giving a few numerical example;7‘;;;ch shown7’
that,when using percussion fuze ammunition, errors in ranging and calibration
will not have quite as great ghveffect as on the firing of time-fuze ammuntion,
_bug fhat the foect”will‘spiilhbe gqgat.egpugh_ﬁp rngce thg probability of
hitting to a considerable extent. ‘ N B

a) Genersl

While the effect of a ranging\error (and also the effect of a calibration
error) in thé £iRIng of time fusé atimtitidtion will manifest itself directly by
the burst being short or wide of the targgt, the effect on percussion fuze
ammunition is indirect, but nevertheless Just as annoying.

For instance, if the runge is measured eontinuously too short, at the
instant in which the shell reaches the future position determined by the short
range measurement (this point would be the bursting point if time fuze ammun~

ition wore being used); the target will have moved on in the direction of fire

 CONFIDENTIAL
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the distance of the range error, Furthermore, because of the superelevation's
being too small, the ehell will pass below the path of the target; and because
the target will have moved on while the shell is approaching the path of the
target, it will also pass behind the target. If the range is measured tco long,
the error will have the opposite effeot: the shell will go too high and pass

in front of the target.

Fluctuating errors in range measurement also will cause the shell to fly
in the wrong direction and at a wrong horizontal veloecity, thus causing add-
itional deviations. When firing percussion fuze ammunition, these deviations
will not show up in the form of bursts wide of the target, but they will cause
the shell to miss the target by a considerable distance.

Use of incorreot celibrution has the same effect as a range error in the
same continuous sence, too low a calibration having the same effect as a
continuously short range measurement and too high a calibration acting like a
continuously wide range measurement.

b) First numerical example:

Gun: 8.8 om Flak 37, 8.8 ocm HE shell with percussion fuze
Target: Horlizontal path at altitude h = 7,000 meters, flies through exy =

met vy =730 mleee. L : -

Plane of position at instant of firing: Determined by ey - 6000 m (e w9220 m.
Approaching target.

Range measurement error: 160 m short in direction of fire, making the "apparent!
target fly a path which is by 160/9220 = 1.73% closer and lower than the

actual target, with a horizontal velocity 1.73% lower than that of the actual
target, (A constant error in seconds of angle would not result in an error

in meters whose percentage 1s constant, i.e. it would not result in the appearing

of a parallel "apparent" target path. The deviaticn from the parallel, however,
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is very slight.) On the 4 m R 40 with a magnifiocation of 36, this range error
corresponds to an error of 50 seconds of angle, thus to the error by a gunner
who 18 at the borderline of being "good!,

We essume all other errors to be zero, with firing table conditions
prevailing.

At the instant when the shell arrives at the "apparent! target (which is
ranged too short), the real target is still 160 m away., Shell and target
continue their flight. After 0.5 seconds the shell will reach a point whigh
is 75 m direotly below the target path., At that moment, however, the target
has already advanced 75 m toward the widgolut, and is 106 & avay from the
shell, Already shortly befcre, 0.37 seconds after its passing through the
"apparent" target, the shell was at its minim?h distance from the target,
this distance being 98 m, (The lengthy caloulations, carried out on the basis
of the firing tables, have been omitted here.)

This‘ranging error, which would have caused the bursting point to be 160 m
off the target in the case of time fuze ammundtion, here causes the shell to
pass the turget at a dlstance of 98 m, Thus, the adverse effuct of the ranging

error is nearly as great in the case of peroussion fuze ammunition as it is

in the case of time fuze ammunition,
¢) Second numerical example -
Gun,‘target, and plane of position at instant of firing same as above.
Calibration error: 5 units too low.
All other errors are assumed to be zero; firing table conditions prevalling
with the exception of the wrong calibration,
) , In the instant, at which the shell should have reached the target accordin
‘ to the lead calculation which is correct by the firing teble conditions, it
has only reached a point which is 105 m below the target and whose e 1s 75 m

less than that of the target. At that instant, therefore, (when it would
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puret Lf it were equipped with a time fuze) it has a aistance of 129 m from
the target, After 0,40 seconds it reaches & point which ic 68 m directly
below the target path. The target hae moved 60 m toward the midpoint in the
meantime, so that the distance between ghell and target is now 92 m,
Already & ahof#ﬁime previously, 0.32 secorde after it has pessed through the
point which would have been the bursting point had 1t been equipped with a
time fuze, the shell passed through the polbb of its minimum distance of 86 m
from the targete.

The calibration error of 5 unite would have coused the bursting point
of a shell with a tiﬁe fuze te be 129 m off the target, while in this case

1% caupes the shell to go past the terget at e distance of 86 me
Figures:

Mplemnuanwgmwfwmﬂm Cﬂwjf)
Legend: Flugrichtungs: direction of flight

. Fuhrungsangrifisgruppes lead squedron

12 Maschinen: 12 giroraft

Tief=Angriffsgruppes Low=level squadron

Hoch=Angriffagruppet High=-level squadron

Quadret: square

Jeder. bedeutet ein Flugzeug: Each dot represents one aircraft
81 Sohwerp. d. Fuhrungsgruppe: 81t Center of the lead sqdrn.

8yt Schwerp. 4 ganzen tileschwaders: 32: Center of the entire group.

Fig. 2. No titles of legend. ( @a}& %6 )
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